regnant women are at an increased risk of influenza infection, and once infected also face an elevated risk of illness, complications and death.
Evidence from seasonal influenza epidemics and influenza pandemics consistently demonstrate disproportionally high morbidity and mortality among pregnant women. [2] [3] [4] In the 2009 H1N1 pandemic, despite their composition of only 1% of the population of the United States, pregnant women accounted for 5% of influenza A (H1N1)-related death in the country. 2 In the Canadian population, hospital admission rates for influenza illness among healthy pregnant women in non-pandemic influenza seasons were about five times higher than those among non-pregnant women. 3 Routine influenza vaccination in pregnant women of all trimesters has been recommended by the World Health Organization (WHO), the United States Advisory Committee on Immunization Practices (ACIP), and the National Health and Medical Research Council of Canada. 5, 6 These recommendations were based on a lack of evidence demonstrating any harmful effects of inactivated influenza vaccination on maternal or fetal health in vaccine safety studies, [7] [8] [9] and the growing evidence showing that maternal vaccination against influenza could potentially benefit not just the mother but also the infant during the latter's first few months of life. 7, 10 Despite these recommendations, the vaccination rate in pregnant women has typically been low. In the United States, the vaccination rate during pregnancy was estimated to be from less than 1% to 12.8% before 2003, 11 and from 12-24% during the 2005-2008 influenza seasons. 12 No comparable estimates of pre-2009 H1N1 pandemic immunization rates are currently available for Canada.
In the 2009 H1N1 influenza pandemic, health authorities unanimously identified pregnant women as one of the priority groups to be vaccinated against H1N1, and all pregnant women were encouraged to get influenza vaccine, regardless of their stage of pregnancy. 13, 14 The H1N1 influenza vaccination rate was reported to be 46.6% among women with recent live births in 10 states in the United States, 37.1% in a French population randomly recruited Vaccination Patterns in Pregnant Women During the 2009 H1N1 Influenza Pandemic: A Population-based Study in Ontario, Canada from 3 maternity hospitals, 6.9% to 10.3% in antenatal clinics in Western Australia, 37.4% to 39.9% in the 2010 Canadian Community Health Survey, and 72% among 402 women in the province of Alberta. [15] [16] [17] [18] [19] In Ontario, Canada, the 2009 H1N1 vaccination campaign started on October 26, 2009 for high-priority groups, including pregnant women, and soon after was offered free of charge to every resident in the province.
Understanding the underlying barriers to maternal vaccination and identifying characteristics of pregnant women with low vaccination rates can aid in the development of targeted public health strategies for future influenza vaccination programs. Although several studies have tried to identify barriers existing at the patient, provider and organizational levels, 16, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] to date, there is little population-based information on vaccination uptake in pregnant women of different characteristics.
By using a population-based cohort of women who gave birth during the 2009 H1N1 pandemic season, this study aims to evaluate the influenza vaccination rate among pregnant women of different characteristics, and to identify predictors that can cause low vaccination uptake.
METHODS

Study design and population
We conducted a population-based retrospective cohort study among women who gave birth to a live born or stillborn infant (≥20 weeks' gestation and ≥500 grams) in all hospitals in the Canadian province of Ontario between November 2, 2009 and April 30, 2010, using data from Better Outcomes Registry & Network (BORN) Ontario's birth record database.
The BORN database is a province-wide, Internet-based timely data collection system. It collects labour, birth and early postpartum information from both hospitals and midwifery groups in Ontario, and includes clinical, demographic and health behavioural information of all women who come to an Ontario hospital to give birth, through chart abstraction and patient interview. In 2009, more than 97% of all Ontario hospital births were included in the system.
Measures
The primary outcome was whether a woman received influenza vaccine (H1N1, seasonal or both) during pregnancy. Vaccination status and type of vaccine received (H1N1, seasonal or both) was confirmed on admission for birth from either the documentation in the patient's chart, the antenatal record or by asking the woman whether she had received influenza vaccine at any time during the current pregnancy. Women who received any kind of influenza vaccine were considered vaccinated.
Other information extracted from the database included maternal demographics (age, area of residence, and rural or urban status denoted by postal codes), obstetrical characteristics (month of delivery, parity, multifetal pregnancy, high-risk medical comorbidity, history of preterm birth, pre-existing health problems), prenatal health behaviours (antenatal visit in the first trimester, smoking during pregnancy) and type of primary prenatal health care provider.
We linked individual birth records to the 2006 Canadian Census data by geocoding maternal postal codes into dissemination areas (DAs -the smallest unit of census geography), and obtained neighbourhood-level information on highest level of attained education, median family income, employment level, proportion of recent immigrants, and proportion of Aboriginal residents for each woman based on the DA in which she lived. All neighbourhoodlevel variables were converted into quintiles prior to analysis with the exception of proportion of Aboriginal residents, which used 10% of the population of the DA being Aboriginal residents as the cut-off (>10% versus ≤10%).
Analysis
Characteristics of women with missing information on vaccination were compared with women who had complete information using the chi-square test statistics to determine if there were any differences between the two groups.
We calculated the influenza vaccination rates and their 95% confidence intervals (CI) for women of different demographic, behavioural and clinical characteristics, and compared the vaccination rates among different groups by calculating unadjusted relative risks (uRR) along with their 95% CIs.
To examine the association between influenza vaccination and each independent predictor while controlling the potential influence from other predictors, we employed a log binomial regression model, which can produce unbiased risk estimates for common outcomes (≥10%), 28 for multivariate analysis. The model was constructed by using influenza vaccination status as the dependent variable, and all identified characteristics as the independent variables.
RESULTS
A total of 64,293 pregnant women presented at Ontario hospitals for delivery during the six-month study period. Information on whether they had been immunized against influenza was unavailable for 7,638 of them (11.9%). The percentage of women who delivered in November was higher in the group with missing information on influenza vaccination than in the one with complete vaccination information (21.1% vs. 15.9%, p<0.001). Other differences (age, rurality, smoking status, parity, high-risk co-morbidity, neighbourhood variables) between women with missing information and those with complete information were minor and not directly meaningful.
Of the remaining 56,654 (88.1%) women in our dataset, 21,773 (38.4%) received only H1N1 vaccine, 283 (0.5%) received only seasonal influenza vaccine, 2,033 (3.6%) received both vaccines, and 45 (0.1%) reported having received influenza vaccination but were unsure which type of vaccine was administered. Altogether, 24,134 (42.6%) of women received at least one type of influenza vaccine (H1N1, seasonal, or both).
The vaccination rate varied substantially across women with different demographic and obstetric characteristics: 29.8% among pregnant women <20 years old and 47.8% among those aged 35-39 years; 35.9% among women with a history of preterm birth compared to 43.1% among those without; 42.0% among women without any medical co-morbidity in comparison to 49.0% among those with one or more; 32.9% among women who did not initiate antenatal care in the first trimester in contrast to 43.7% among those who did; and 36.4% among smokers compared to 43.4% among non-smokers. The vaccination rates among women with no * Statistically significant differences (p<0.001) in vaccination rates were found in all identified characteristics, except in the proportion of Aboriginal residents in the neighbourhood (p=0.77). † All independent variables were included in the multivariate model. ‡ Maternal medical co-morbidity is defined as having insulin-dependent diabetes, non-insulin-dependent diabetes, asthma, heart disease or chronic hypertension.
antenatal care provider (18.9%) or with a midwife as antenatal care provider (33.1%) were lower than those among women with an obstetrician/gynecologist (41.4%), a family physician (47.5%), or a nurse practitioner (42.1%) as their antenatal care provider. A gradient in vaccination uptake was observed among women of different neighbourhood income quintiles (37.2%, 40.3%, 42.3%, 44.5% and 52.6%, respectively, from the lowest to the highest neighbourhood income groups), and among women from neighbourhoods with different proportions of recent immigrants (35.5%, 43.8%, 46.7%, 47.2% and 47.1%, respectively, for neighbourhoods ranking from the highest to the lowest proportion of recent immigrants). There was also almost a 10% absolute difference in the vaccination rate between women from the lowest versus those from the highest neighbourhood education quintile (41.6% vs. 50.9%).
After adjusting for all the covariates, vaccine uptake was lower among women: of age <20 (aRR=0. 
DISCUSSION
To our knowledge, this is the largest population-based cohort study to date investigating multiple determinants associated with influenza vaccine uptake among pregnant women. The large sample size and the high vaccination rate enable us to explore the association between vaccination status and multiple predicting factors of different domains and produce stable risk estimates. The observed vaccination rate of 42.6% is comparable to the Statistics Canada estimation for pregnant women all over the country (37.4% to 39.9%) using the 2010 Canadian Community Health Survey data, 17 and the United States monthly survey data in 10 states for the same period (46.6%). 15 Our finding that women from a neighbourhood of lower income, lower educational level, and higher concentration of recent immigrants had lower vaccination rates is consistent with previous surveys using individual-level SES measures. 16, 18, 21, [23] [24] [25] [26] Since the influenza vaccine was provided to all Ontarians free of charge, cost of vaccine would not have had influence on vaccine uptake. Thus the difference in vaccination rates among women of different SES likely reflects differences in access to medical information, medical care and personal beliefs regarding vaccine benefits and risks. 16 We presume that women from neighbourhoods of higher income and higher education level had a better knowledge of the potential benefits of influenza vaccine and a better understanding of the possible high risk of being infected during pregnancy, which is consistent with other studies. 16, 18, [24] [25] [26] We found that women's vaccine uptake was lower in neighbourhoods with a higher proportion of recent immigrants. Race/ethnicity was consistently reported in studies conducted in other countries 16, 26 to be correlated with influenza vaccine uptake during pregnancy. Other investigators hypothesized that the disparity in vaccination rate between different ethnic groups was a result of low accessibility to information among foreign populations. 16 Considering the multicultural setting of Canada, we add that the language barrier among new immigrants may be the reason for insufficient access to information on the vaccine campaign and influenzarelated knowledge. A previous study indicated that the lack of available language translation may lead to low acceptance of physicians' offer of influenza vaccination among pregnant women. 29 Although the Society of Obstetricians and Gynaecologists of Canada encouraged obstetricians to offer vaccines for all pregnant women during the 2009 H1N1 influenza pandemic, 30 our results showed that women who had antenatal care with family physicians had greater likelihood of getting vaccine than those with obstetricians. This disparity may stem from the practice pattern of health providers. A Canadian survey 27 in 2003-2004 influenza season showed that 41% of the obstetricians did not provide influenza vaccination at their office; and that obstetricians were less likely than family physicians to consider it their responsibility to discuss, recommend or offer influenza vaccination, but more likely to say it was the local public health unit's responsibility to vaccinate pregnant women. In Canada, obstetricians attend more than 60% of all births, and are often the only health care provider pregnant women contact later in pregnancy. It is important to add influenza vaccination and influenza prevention activities into obstetricians' routine preventive care practice.
The significantly lower vaccination rates among women without prenatal care providers and women who did not start antenatal visit in the first trimester can be explained from two perspectives. Women who did not have a first trimester antenatal care visit or did not have antenatal care at all could have lost the opportunity of getting useful information on vaccination from providers. This also reflects women's health-related behaviours in general, as the variable "smoking during pregnancy" did in our analyses. It is highly possible that women who were slow in taking antenatal care and those who smoked during pregnancy had a greater tendency to forgo beneficial health behaviours such as getting a vaccine.
Vaccine uptake can also be affected by women's medical and obstetrical condition. Our finding that women with obstetrical comorbidities were more likely to have had vaccine is in contrast to a study conducted by Freund et al., which indicated a lower vaccination rate in this group. 16 During previous pandemics, 4 pregnant women with underlying co-morbidities were found to be at significantly greater risk of influenza-associated morbidity and mortality than their healthy counterparts. There is a large body of literature documenting the safety of administering influenza vaccination to pregnant women; none has shown that influenza vaccine uptake could increase adverse birth outcomes. [7] [8] [9] [10] Such messages need to be clearly delivered to maternal care providers and pregnant women to reduce unnecessary concerns.
Our study has several limitations. Only pregnant women with a hospital delivery were included in our study. Although less than 2% of Ontario births take place at home under midwifery care, it is still possible these mothers would have different characteristics from our cohort. Also, women with pregnancy loss (miscarriage, termination of pregnancy) during the first 20 weeks of pregnancy were not included by the data source used for this study. The higher proportion of missing vaccination information among women who gave birth in November is another limitation. Although it is unlikely the characteristics of women giving birth in different months would be different, we acknowledge our cohort slightly under-represents women who gave birth in November. Moreover, our study population is a birth cohort rather than a cohort of pregnant women. Considering the time when the Ontario H1N1 vaccination program started and the accrual window of our study population, almost all women in the vaccination group were immunized in their 2 nd or 3 rd trimester. Therefore the vaccination rate observed in our study may not represent the vaccination situation in the entire population of pregnant women. A further limitation of the current study lies in the inability of a large administrative database to capture all important variables that can influence vaccine uptake. These variables include pregnant women's safety concerns and doubts regarding the effectiveness of vaccine, their perception of the risk of getting influenza during pregnancy, and physician recommendation to receive vaccine. [21] [22] [23] [24] 26, 27 The influenza vaccination rate we observed is suboptimal as more than half of the pregnant women have not received any kind of influenza vaccine. Many factors are associated with influenza vaccination during pregnancy, including potentially modifiable behavioural factors among both pregnant women and practitioners, and static demographic and clinical characteristics of pregnant women. These demographic and clinical factors indicate subgroups of the prenatal population that should be prioritized in future public health intervention strategies to increase vaccination uptake. Patient-level behavioural factors -such as an early start of antenatal visits -can be changed through health education programs that increase women's awareness, and health care providers' practice patterns can be changed through training and removing organizational barriers. 
